Background Exploration of the complex relationship between prognostic indicators such as tumor grade and size and clinical outcomes such as local recurrence and distant metastasis in patients with cancer is crucial to guide treatment decisions. However, in patients with soft tissue sarcoma, there are many gaps in our understanding of this relationship. Multistate analysis may help us in gaining a comprehensive understanding of risk factor-outcome relationships in soft tissue sarcoma, because this methodology can integrate multiple risk factors and clinical endpoints into a single statistical model. To our knowledge, no study of this kind has been performed before in patients with soft tissue sarcoma. Questions/purposes We implemented a multistate model of localized soft tissue sarcoma to statistically evaluate the relationship among baseline risk factors, recurrence, and death in patients with localized soft tissue sarcoma undergoing curative surgery. Methods Between 1998 and 2015, our center treated 539 patients for localized soft tissue sarcoma with surgery as curative intent. Of those, 96 patients (18%) were not included in this single-center retrospective study owing to missing baseline histopathology data (n = 3), not yet observed followup (n = 80), or because a neoadjuvant treatment approach in the presence of synchronous distant metastasis was used (n = 13), leaving 443 patients (82%) for the current analysis, of which 40 were lost to followup during the first year after surgery. All patients had tumors of the stages I to III according to the American Joint Committee on Cancer Stages. The median age of the patients was 62 years (range, 16-96 years), and 217 patients (49%) were female. Three hundred-forty-six patients (78%) had tumors of high grade (Grades 2 and 3), and 310 (70%) tumors were greater than 5 cm in maximum diameter. Patients who had died during the first year of followup were included in this analysis. Median followup for the 443 study patients was 6 years, with 84%, 52%, and 23% of patients being followed for more than 1, 5, and 10 years, respectively. The 15-year cumulative incidences of local recurrence, distant metastasis, and death from any cause, using a competing risk analysis, were 16% (95% CI, Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research 1 editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. This work was performed at the Medical University of Graz, Graz, Austria. 11%-22%), 21% (95% CI, 17%-26%), and 55% (95% CI, 44%-67%), respectively. Wide resection with a margin of 1 mm was the preferred treatment for all patients, except for those with Grade 1 liposarcoma where a marginal resection was considered adequate. Multistate models were implemented with the mstate library in R. Results In multistate analysis, patients who experienced a local recurrence were more likely to have distant metastasis develop (hazard ratio [HR] = 8.4; 95% CI,; p \ 0.001), and to die (HR = 3.4; 95% CI, 2.1-5.6; p \ 0.001). The occurrence of distant metastasis was associated with a strong increase in the risk of death (HR = 12.6; 95% CI, 8.7-18.3; p \ 0.001). Distant metastasis occurring after a long tumor-free interval was not associated with a morefavorable prognosis with respect to mortality than distant metastasis occurring early after surgery (estimated relative decrease in the adverse effect of distant metastasis on mortality for 1-year delay in the occurrence of distant metastasis = 0.9; 95% CI, 0.7-1.1; p = 0.28). High-grade histology (Grades 2 and 3) was associated with a higher risk of overall recurrence (defined as a composite of local recurrence and distant metastasis, HR = 3.8; 95% CI, 1.8-7.8; p = 0.0003) and a higher risk of death after recurrence developed (HR = 4.4; 95% CI, 1.1-18.2; p = 0.04). Finally, the multistate model predicted distinct outcome patterns depending on baseline covariates and how long a patient has remained free from recurrence after surgery.
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11%-22%), 21% (95% CI, 17%-26%), and 55% (95% CI, 44%-67%), respectively. Wide resection with a margin of 1 mm was the preferred treatment for all patients, except for those with Grade 1 liposarcoma where a marginal resection was considered adequate. Multistate models were implemented with the mstate library in R. Results In multistate analysis, patients who experienced a local recurrence were more likely to have distant metastasis develop (hazard ratio [HR] = 8.4; 95% CI, 4.3-16.5; p \ 0.001), and to die (HR = 3.4; 95% CI, 2.1-5.6; p \ 0.001). The occurrence of distant metastasis was associated with a strong increase in the risk of death (HR = 12.6; 95% CI, 8.7-18.3; p \ 0.001). Distant metastasis occurring after a long tumor-free interval was not associated with a morefavorable prognosis with respect to mortality than distant metastasis occurring early after surgery (estimated relative decrease in the adverse effect of distant metastasis on mortality for 1-year delay in the occurrence of distant metastasis = 0.9; 95% CI, 0.7-1.1; p = 0.28). High-grade histology (Grades 2 and 3) was associated with a higher risk of overall recurrence (defined as a composite of local recurrence and distant metastasis, HR = 3.8; 95% CI, 1.8-7.8; p = 0.0003) and a higher risk of death after recurrence developed (HR = 4.4; 95% CI, 1.1-18.2; p = 0.04). Finally, the multistate model predicted distinct outcome patterns depending on baseline covariates and how long a patient has remained free from recurrence after surgery. Conclusions In patients with localized soft tissue sarcoma undergoing resection, the occurrence of local recurrence and distant metastasis contributes to a dramatically impaired long-term survival outcome. Local recurrences are a substantial risk factor for distant metastasis. Multistate modeling is a very powerful approach for analysis of sarcoma cohorts, and may be used in the future to obtain highly personalized, dynamic predictions of outcomes in patients with localized soft tissue sarcoma. Level of Evidence Level III, therapeutic study
Introduction
Localized soft tissue sarcoma comprises a heterogenic spectrum of malignant tumors of mesenchymal origin [5] . Although the majority of patients with localized soft tissue sarcoma are cured by surgical resection, long-term survival outcomes are a complex function of baseline tumor risk factors, preexisting medical comorbidities, and the occurrence of local recurrence and/or distant metastasis during followup [13] . A precise quantitative understanding of the epidemiologic relationship between these risk factors and outcomes is a prerequisite for targeting adjuvant treatment strategies to the patients with the greatest clinical benefit while sparing patients at low risk from unnecessary treatment toxicity. A better understanding of the epidemiology of soft tissue sarcoma after surgical resection also may help clinicians in answering patients' questions regarding prognostic issues, and perhaps to adapt aftercare schedules to a patient's individual recurrence risk profile.
Although clinicians have to integrate multiple prognostic elements of baseline risk factors and future recurrence risk into a rational treatment decision [5] , the statistical analysis of soft tissue sarcoma outcomes currently relies on the estimation of event probabilities and regression coefficients for a single endpoint such as time to recurrence or time to death from soft tissue sarcoma [10] . These single endpoint analyses are powerful for defining the relationship between baseline risk factors such as high tumor grade and clinical outcomes, as was recently shown by the development of two nomograms for prediction of distant metastasis and overall survival in patients with soft tissue sarcoma [1] . However, these analyses did not incorporate potentially relevant prognostic information from intermediate events that occur during followup such as local recurrence and distant metastasis [8] . Furthermore, the risk of soft tissue sarcoma recurrence decreases with time elapsed from surgery [9] , which also may add information for outcome prediction that is ignored by singleendpoint analyses using only baseline information. Another important quantitative issue is that patients with soft tissue sarcoma are often older and may die from competing nonsoft tissue sarcoma-related causes without progression, thus preventing recurrences from being observed [10] . Together, these competing risks and interdependencies between risk factors and outcomes complicate the interpretation of clinical research data in localized soft tissue sarcoma and impair the translation of these results into better treatment decisions.
In this study, we aim to condense the statistical analysis of baseline risk factors and multiple soft tissue sarcomarelated endpoints into one joint statistical representation, the multistate model. Multistate modeling may help us gain a more comprehensive understanding of the clinical course of patients with soft tissue sarcoma after surgery, because this analysis statistically dissects complex risk-factor endpoint-relationships into its individual components [11] . Modeling results for these components then may be used to quantify the association between two outcomes, or to obtain time-updated, ''dynamic'' outcome predictions. To our knowledge, no such multistate analysis has been performed in the soft tissue sarcoma setting.
Specifically, we wished to determine whether the clinical course of patients with localized soft tissue sarcoma after curative surgery represents a multistate disease process in which baseline risk factors and intermediate events jointly contribute to long-term survival outcomes. We then implemented multistate models to quantify the associations of (1) local recurrence with the risk of distant metastasis and death; (2) distant metastasis and overall recurrence with the risk of death; and (3) baseline risk factors such as high tumor grade and size greater than 5 cm with the risks of transition between these events.
Patients and Methods
Multistate models are composed of at least three states and the respective transitions between these states [11] . Patients occupy a state until the occurrence of an event, in which they transition to the next state. Multistate modeling is concerned with estimation of the transition hazards, that is, the epidemiologic forces that shift a patient from one state to the other. In this study, we formulate two types of multistate models for localized soft tissue sarcoma. The first model type is a five-state, eight-transition model incorporating local recurrence, distant metastasis, and death (Fig. 1A) . This model reflects the full clinical course of patients with soft tissue sarcoma after surgery and is used to estimate transition hazards and state occupation probabilities with time. With this model, we achieved the aim of prediction, that is, to obtain personalized multistate outcome predictions. The second model type is a unidirectional illness death model with three states and three transitions (Fig. 1B) . We used this model for estimation. In detail it is used to quantify the contribution of local recurrence toward the risk of distant metastasis and death, and distant metastasis on the risk of death.
Five hundred thirty-nine patients with histologically verified localized soft tissue sarcoma undergoing surgery with curative intent between June 1995 and May 2015 at the Department of Orthopedic Surgery, Medical University of Graz, Graz, Austria, represented the population of this single-center, historical cohort study. Detailed inclusion and exclusion criteria were reported previously [14] . Baseline and outcome data were retrieved retrospectively from our prospectively maintained in-house electronic healthcare database as previously described [6] . Patients who had evidence of distant metastasis at diagnosis (American Joint Committee on Cancer Stage IV) were excluded, even if the (neoadjuvant) treatment goal was cure (n = 13). Furthermore, three patients were excluded because data on baseline histology were missing, and 80 patients were excluded because they did not yet have observed followup time (that is, only baseline data were available at the start of the analysis). All other variables reported in this study were fully observed, and a complete case analysis was performed. Patients who died (n = 24) or were lost to followup (n = 40) during the first year of followup were not excluded from analysis. The study was approved by the local ethics committee before any patientrelated activities were performed.
Four hundred forty-three patients were included in the analysis (Table 1) . At baseline, the median age of the cohort was 62 years (range, 16-96 years), and the In general, during the period in question, wide resection with a minimal margin of 1 mm (R0) was the preferred surgical treatment approach for all soft tissue sarcoma. This was achieved in 357 (95%) of 377 patients. The remaining 66 patients had Grade 1 liposarcoma (also known as atypical lipomatous tumors) where a marginal resection was considered to be adequate. Adjuvant treatment strategies included radiotherapy (n = 226; 56%), chemotherapy (n = 7; 1.7%), or both (n = 33; 8%). Assessing the influence of aduvant treatments on outcomes in such an observational setting is challenging and was not considered in this analysis as it would require advanced comparative effectiveness methods such as inverse probability of treatment weighting. Our in-house protocol for adjuvant radiotherapy indication has remained consistent since 1998, and encompasses (1) no adjuvant radiotherapy for atypical lipomatous tumors, (2) no adjuvant radiotherapy for other Grade 1 tumors except in case of marginal resection without the possibility of secondary resection, (3) no adjuvant radiotherapy for superficial or epifascial Grade 2 tumors smaller than 5 cm, (4) adjuvant radiotherapy for all deep Grade 2 tumors regardless of size, (5) adjuvant radiotherapy for superficial tumors 5 cm or larger, and (6) adjuvant radiotherapy for all Grade 3 tumors regardless of size and localization. Standard radiation doses were 60 Gy for wide resections and 66 Gy for marginal resections. Adjuvant chemotherapy was indicated only for selected patients whose tumor fulfilled all three criteria of Grade 3 tumor, deep location, and size greater than 5 cm [5] . Median followup for the 443 study patients was 6 years, with 84%, 52%, and 23% of patients being followed for more than 1, 5, and 10 years, respectively. During follow, 41 patients (9%) had local recurrence develop, 74 patients (17%) had distant metastasis develop, 64 patients (15%) died of causes attributed to soft tissue sarcoma, and 59 patients (13%) died of other causes. Overall, this corresponded to 15-year cumulative risks of local recurrence, distant metastasis, overall recurrence, death attributable to soft tissue sarcoma, and death from any cause of 16% (95% CI, 11%-22%), 21% (95% CI, 17%-26%), 32% (95% CI, 26%-38%), 26% (95% CI, 19%-33%), and 55% (95% CI, 44%-67%), respectively (Fig. 2) . In contrast to these single-endpoint analyses, the five-state multistate model (Fig. 1A) yielded dynamically changing estimates of state occupation probabilities for each state at any given time after surgery (Fig. 3) . These state occupation probabilities also decreased with time as patients changed states. For example, the ''distant metastasis'' state occupation probabilities at 2, 6, and 10 years after surgery were estimated at 6%, 4%, and 2%, respectively. This decrease with time indicates that patients with distant metastasis intensely transitioned to the death state.
Statistical Analysis
All statistical analyses were performed using Stata The 1-Kaplan-Meier estimator was used for calculating the risk of death from any cause, whereas a competing risk cumulative incidence estimator according to Kalbfleisch and Prentice [7] , treating death from any cause as the competing event, was applied for calculating the risks of recurrence endpoints and death attributable to soft tissue sarcoma (Stata 1 routine stcompet). Multistate analysis was performed with R using the mstate library [2] . To study the effect of recurrence time on mortality, we extended the multistate models by including the time to recurrence as a covariate for Transition 3. In these so-called state arrival extended models, we thus allowed the effect of recurrence to depend on patients' time that was spent alive and free from recurrence after baseline (the full analysis code is provided on request from the authors). A general modelbuilding framework for multistate analysis, and relationships with competing risk analysis, were discussed in previous studies [2, 11] .
Results

Multistate Association of Local Recurrence With Distant Metastasis and Death
Patients who experienced a local recurrence were more likely to have subsequent distant metastasis develop than patients who experienced no such local recurrence (hazard Followup (years)
All-cause Mortality Saroma-specific Mortality Local Recurrence Distant Metastasis Total Recurrence Fig. 2 The cumulative risks of selected clinical endpoints are shown. Whereas the risk of all-cause mortality was calculated with a 1-Kaplan-Meier estimator, all other endpoints were calculated with competing risk estimators. The y-axis scaling only continues until 60%. Fig. 3 The clinical course of patients with soft tissue sarcoma after surgery is shown. The colored boxes represent state occupation probabilities during a 10-year followup. This graph was derived using a stratified hazards model without covariates based on the model design in Fig. 1B Patients who had distant metastasis develop experienced a much higher risk of death (HR = 12.6; 95% CI, 8.7-18.3; p \ 0.001). Similarly, overall recurrence (that is, local recurrence and/or distant metastasis) was associated with a strong increase in the risk of death (Fig. 1B) (HR = 8.3; 95% CI, 5.8-11.9; p \ 0.001). The time of occurrence of distant metastasis did not appear to modify transition intensities toward the death state (state arrival extended multistate models). In detail, with the numbers we had, distant metastasis that occurred later during followup was not associated with a more-beneficial prognosis than distant metastasis occurring early after surgery (HR for 1-year increase in the occurrence of distant metastasis after surgery = 0.9; 95% CI, 0.7-1.1; p = 0.28). Whereas new-onset distant metastasis 1 year after baseline increased the relative risk of death by a factor of 13 (transition HR = 13.4; 95% CI, 9.1-19.6; p \ 0.001), distant metastasis after 3 years was still associated with a strong increase in the risk of death (transition HR = 10.5; 95% CI, 6.3-17.5; p \ 0.001). Qualitatively similar results were observed for local recurrence (not shown). In a sensitivity analysis, we excluded the 66 patients with well-differentiated Grade 1 liposarcoma. All modeling results prevailed on exclusion of these patients with atypical lipomatous tumors, including the associations between the onset of local recurrence and mortality (HR = 3.6; 95% CI, 2.2-6.0; p\0.001), local recurrence and distant metastasis (HR = 8.4; 95% CI, 4.3-16.5; p \ 0.001), and distant metastasis and mortality (HR = 11.4; 95% CI, 7.8-16.7; p \ 0.001), respectively.
Multistate Contribution of Baseline Risk Factors Toward Clinical Outcomes
After adjusting for older age and high tumor grade, the negative effect of recurrence on survival became slightly weaker but prevailed (adjusted HR of recurrence = 5.0; 95% CI, 1.1-23.8; p = 0.04). We then looked at the transition hazards from the recurrence state to the death state. Here, we observed that age was the dominant risk factor for death without recurrence (HR per 1-year increase in age = 1.1; 95% CI, 1.0-1.1; p \ 0.001), whereas high-grade histology was not only associated with a higher risk of recurrence (HR = 3.8; 95% CI, 1.8-7.8; p = 0.0003) but also modified transition rates from the recurrence state to the death state (HR = 4.4; 95% CI, 1.1-18.2; p = 0.04). This effect of high tumor grade on postrecurrence survival implies that patients with high-grade tumors not only have a higher risk of recurrence, but also die sooner after recurrence develops than patients with recurrences from lower-grade tumors. With the numbers we had, we could not show associations between a tumor size greater than 5.0 cm and a higher risk of recurrence (transition HR = 1.6; 95% CI, 1.0-2.6; p = 0.08); and a ''deep'' tumor location and a worse survival after recurrence (transition HR = 1.7; 95% CI, 0.9-3; p = 0.09).
Multistate Prediction of Clinical Outcomes
Finally, we used the multistate modeling approach to predict dynamic patient-specific outcomes. To illustrate the concept, we imagined a hypothetical followup at the orthopaedic outpatient department 6 months after surgery and predicted the clinical course for the ensuing 5 years for three archetypical patients: Patient 1 is 45 years old, had a Grade 1 tumor, and is alive and free from recurrence at the followup; Patient 2 is 75 years old, had a Grade 2 tumor, and followup investigations did not reveal any evidence of disease; and Patient 3 is 75 years old, had a Grade 3 tumor, and a followup investigation revealed new-onset pulmonary metastasis. For these three patients, the multistate model identified distinct state occupation probabilities for the 5 years after this clinical visit, leading to individualized joint outcome predictions (Fig. 4) .
Discussion
Patients who undergo surgery with curative intent for localized soft tissue sarcoma are at risk for local recurrence, distant metastasis, and death. Understanding the relationships between baseline risk factors and these outcomes is crucial for improving prognostic stratification and aftercare planning. Multistate models can integrate baseline risk factors and several clinical endpoints into a single statistical model, however, to our knowledge, they have not yet been used to study outcomes in soft tissue sarcoma. In this study, we showed that the complex clinical course of patients with localized soft tissue sarcoma after surgery can be statistically represented with these multistate models. Multistate analysis provided insight into the disease process and the biology of risk factors beyond what can be observed with single-endpoint analyses. Our analyses confirmed the previously reported adverse association between local recurrence and mortality [4, 8] and also provided quantitative estimates of its magnitude. Local recurrences were observed to be a risk factor for the occurrence of distant metastasis. Furthermore, we obtained dynamic and highly personalized outcome predictions for different clinical scenarios in aftercare of patients with soft tissue sarcoma. Collectively, these results suggest that multistate models are a very powerful tool for studying local recurrence, metastasis, and death in patients with soft tissue sarcoma.
There are limitations of this study including that we only addressed a small subset of potential baseline risk factors to illustrate the multistate approach in a concise manner. Important other variables such as histologic subtype of soft tissue sarcoma, disease location, or adjuvant and palliative treatment strategies were not addressed in the current analysis. The risk of recurrence differs among the many histologic subtypes of soft tissue sarcoma, and some of our multistate associations may be weaker or stronger in selected subtypes. Adjuvant treatment strategies (in particular chemotherapy) may have varied during the time of our study, and patients who had distant metastasis develop were treated by different physicians who may have used variable, nonstandardized palliative treatment strategies ranging from pulmonary metastasectomy to systemic chemotherapy to best supportive care only. Further, we included patients with Grade 1 liposarcoma, also known as atypical lipomatous tumors, in this analysis. Many centers do not routinely follow patients with atypical lipomatous tumors after surgery because the risk of distant dissemination of these low-grade tumors is very small. This means that inclusion of patients with atypical lipomatous tumors in the current study led to absolute risks of distant metastasis that slightly underestimate the ''true'' distant metastasis risk in a population with purely high-grade soft tissue sarcomas. We have addressed this issue in a sensitivity analysis in which we excluded all 66 patients with atypical lipomatous tumors. In this analysis, all major modeling results prevailed, which is consistent with the assumption that our multistate estimates can be generalized to a wide spectrum of soft tissue sarcoma disease phenotypes. Second, our models did not include the possibility of recovery from local recurrence. Extending the models with a bidirectional transition from the ''local recurrence'' state back to ''alive and disease-free'' on successful surgical treatment of local recurrence would be an interesting goal for further multistate analyses. Third, the data underlying this analysis were collected retrospectively, which raises concerns regarding information bias. In detail, we may have underestimated ''true'' event rates because patients who were lost to followup may have had systematically less compliance with aftercare visits on the basis that they may have been more sick and thus may have had a higher risk of recurrence and/or death. Patients who were lost to followup might have had a more-aggressive disease phenotype, so that our analysis would have underestimated ''true'' event rates. Because they were lost to followup we do not know whether these patients had more-or lessfavorable disease. However, with 40 patients being lost to followup during the first year, we believe loss to followup is not excessive in our study for an observational study, because patients are followed up at our institution, migration in the south of Austria is comparably low, an electronic healthcare linkage to nearly all hospitals in our geographic area serving a population of approximately 1 million patients is in place, and the cohort is being repeatedly updated. We have contacted family physicians of patients where loss to followup was suspected. Fig. 4 The dynamic prediction of clinical outcomes in patients with soft tissue sarcoma during followup is shown. Patient 1 is 45 years old with a Grade 1 tumor at baseline, and given that there is no evidence of disease at the 6-month followup after surgery, this patient has an excellent predicted prognosis with a low probability to occupy the recurrence states or the death state. Patient 2 is 75 years old and had a Grade 2 tumor at surgery. Although this patient also has no evidence of disease at the 6-month followup, his older age and higher tumor grade contribute to higher risks of transitioning to the death and recurrence states, respectively. Finally, 60-year-old Patient 3 has new evidence of pulmonary metastasis at his 6-month visit, leading to a dramatically increased risk of transitioning to the death state. State 1 (alive, no recurrence) = green; State 2 (alive, local recurrence) = light green; State 3 (alive, distant metastasis) = cream; State 4 (local recurrence and distant metastasis) = orange; State 5 (death) = red. LR = local recurrence; DM = distant metastasis.
Therefore, although this retrospective analysis has several limitations, loss to followup is, in our opinion, one of the more-minor concerns in this analysis, reflected by the observation that the covariate profile of the patients who were lost to followup does not differ substantially from that of the patients who were not lost to followup (data not shown, but available on request).
After surgery, patients with localized soft tissue sarcoma are at risk for local recurrence, distant metastasis, and death [1, 8] . We studied this risk by fitting two different types of multistate models to a large retrospective, single-center cohort study of patients with localized soft tissue sarcoma undergoing surgery with the intent to cure. We aimed to achieve different objectives with these two models. The first type of model, the so-called unidirectional illnessdeath model, was used to estimate associations between different outcomes, and to quantify the association between baseline risk factors and clinical outcomes. The second model type was a complex five-state model which we used for prediction. With this model we aimed to comprehensively include baseline risk factors and several outcomes in a joint multistate model to obtain dynamic multistate predictions of outcomes conditional on baseline risk factors and patients' clinical course during followup. Whereas single-endpoint analyses yield risk estimates that can only increase with time or remain constant, multistate modeling yielded time-updated dynamic risk predictions that also could decrease with time as patients transitioned to other states [2] . For example, this was the case for the local recurrence and distant metastasis state occupation probabilities, which decreased with time as patients died. We then used multistate models to quantify the effect of these intermediate events on mortality and on each other. Here, the occurrence of local recurrence and distant metastasis was a strong adverse risk factor for mortality. While the association between local recurrence and mortality in soft tissue sarcoma has been reported [4, 8] our study quantifies its magnitude of association. Furthermore, local recurrences emerged as a potential risk factor for, or at least was associated with distant metastasis. These results show that multistate models can quantify the magnitude of effect attributable to these intermediate events. Our data further suggest that local recurrences appear to be a risk factor for distant metastasis, which allows us to carefully speculate that measures to improve local control, such as improved (neo-)adjuvant radiotherapy protocols, may result in less systemic dissemination of soft tissue sarcoma. Further, in the era of metastasectomy for selected patients with isolated soft tissue sarcoma lung metastasis, this finding supports the approach of centers that follow patients with local recurrence more intensively with CT of the chest to detect pulmonary metastasis as early as possible where it may still be amenable to surgery.
As expected [1] , high tumor grade accelerated the time to recurrence. However, multistate analysis revealed that high tumor grade also modified postrecurrence survival in patients with soft tissue sarcoma. Clinically, this interaction can be interpreted in the sense that recurrences in patients with soft tissue sarcoma with Grades 2 and 3 tumors are more aggressive than recurrences in patients with Grade 1 tumors, and the effect of recurrence on mortality can be attributed, at least to some degree, to an aggressive tumor phenotype associated with a high tumor grade rather than to recurrence. In single-endpoint analysis, age was a strong risk factor for mortality. The multistate model could analyze this association according to its components, which revealed that age was a very strong predictor for death without recurrence (that is, most deaths were caused by factors other than soft tissue sarcoma) rather than for death after recurrence. A recently published nomogram that predicts overall survival in patients with soft tissue sarcoma after curative surgery identified higher age as an important negative prognostic factor [1] . According to our multistate results it is likely that this effect of age on mortality is attributable to the association between a higher age and death without recurrence, that is, so-called ''background'' mortality from other causes than soft tissue sarcoma. Thus, this overall survival nomogram may assign older patients to a higher soft tissue sarcoma risk category, although their risk of death actually may be not related to soft tissue sarcoma but to competing nonmalignant causes such as cardiovascular morbidity. Given clinicians would base their adjuvant treatment decision on this nomogram, older patients may receive more-aggressive adjuvant treatment for reasons unrelated to soft tissue sarcoma. Our results thus encourage an evaluation of this overall survival nomogram using the multistate model, or the use of the concurrently published nomogram for distant metastasis which does not use age for risk prediction.
By incorporating time to recurrence as a covariate, the multistate model further allowed us to estimate the effect of recurrence time on the risk of death. Contrary to our expectation, this analysis suggested that early and late recurrences had a similarly dismal relative effect on mortality.
Finally, we used our multistate model for prediction. Here, we obtained personalized, joint predictions of multiple outcomes for three different hypothetical patients at 6 months after surgery. We found that the risk of local recurrence and distant metastasis declined with time, which confirms previous work on this issue [9] . This declining conditional recurrence risk with time may harbor equally important or even more important information for long-term prognostication than baseline variables. In addition to these known data, we found that individual patients differed regarding this conditional outcome risk according to their baseline risk factors. This is the main difference (and also advantage) of multistate models compared with standard single-endpoint analyses and traditional prediction models, because multistate predictions not only consider baseline covariates [1] , but also incorporate time-dependent information on the period a patient has already spent event-free. Although the predictive analysis of this study must not be understood as a ready-for-clinical-use risk prediction tool (whose development would require more patients, more variables, a robust internal validation procedure, and external validation cohorts) [1] , it is a proof-of-concept that multistate analysis may improve risk stratification in patients with soft tissue sarcoma. Multiple clinical applications, from enhanced patient counseling to risk-adapted aftercare schedules, can be conceived for such a dynamic prediction model of soft tissue sarcoma. For example, extrapolation of these results to aftercare could lead to a dynamic, riskadapted plan in which aftercare is terminated for patients who emerge as a good risk during followup, whereas aftercare continues for patients who have a dynamic multistate prediction of a persisting risk of recurrence and/or death. Such a personalized tool could lead to less radiation exposure and less overdiagnosis in patients of low risk, while patients of high risk may benefit for early detection of recurrence. A study by Eichinger et al. [3] in the field of unprovoked venous thromboembolism gives significant precedent to our work. They developed a multistate prediction model based on clinical variables and biomarkers to dynamically assess which patients may be appropriate candidates for discontinuation of anticoagulation. This shows that a transfer of multistate prediction to the clinic is feasible.
We believe multistate models are useful for dissecting the complex epidemiologic relationship between baseline risk factors and clinical outcomes in patients with soft tissue sarcoma. These models can quantify associations between two or more endpoints and dynamically personalize prediction. Our data thus represent the first proof-ofprinciple that multistate analysis may improve risk stratification of patients with localized soft tissue sarcoma. If these data can be confirmed in larger studies with a more homogeneous patient mix and treatment protocols, multistate models may be useful for future time-to-event analyses and ''precision medicine'' approaches in the field of orthopaedic oncology.
